INTRODUCTION
The purpose of this note is to investigate the use of a metallic pipe with small corrugations [1] for passively dechirping, through its wakefield, the LCLS beam. Similar dechirper systems have been tested in Pohang and Brookhaven at relatively low energies (< 100 MeV) and with relatively long bunches (> 1 ps) [2, 3] . A recent proposal from RadiaBeam is to build a 2-m dechirper and install it in the LCLS for a GeV, femtosecond beam test. Such a device can be used to either reduce or increase the amount of energy chirp in a short electron bunch prior to the FEL interaction in the undulator, and hence provide a flexible control of the LCLS FEL bandwidth. The results can be used to guide the design of the LCLS-II dechirper, where it is important to remove unwanted electron energy chirp from the LCLS-II superconducting accelerator and to provide independent controls of x-ray properties in each of the two parallel beamlines.
Details of the longitudinal and transverse wake calculations in a flat, corrugated pipe, as well as Figs. 2-4 of this note, can be found in Ref. [4] . In this note in Fig. 1 we give a sketch of the dechirper in longitudinal view, showing the parameters half-gap a, corrugation period p, t = p/2, and depth h. The beam and structure parameters that will be used in the example calculations of this note are given in Table I . Note that corrugation parameters in the table are at the moment initial suggested values only, and that the calculated wake effects are obtained using approximate analytical formulas. For deciding on the actual corrugation parameters of a dechirper to be built, one will need to perform numerical calculations of the wakes, by e.g. using the field matching program described in Ref. [5] . Such calculations are not within the scope of this note. The choice of dechirper parameters is determined from the following considerations. A smaller dechirper gap generates a stronger longitudinal wake (which scales as the inverse square of the gap), and allows one to shorten the device for the required size of energy chirp. However, an extremely small gap makes the transverse dipole and quadrupole wakes stronger (they scale as the inverse fourth power of the gap) and leads to projected emittance growth and tight tolerances on the beam offset in the dechirper.
In Fig. 2 we plot the energy difference between the tail and head of the bunch due to the dechirper as function of half-aperture a. This function depends on a as a −2 . For the plot we assume that the charge Q = 250 pC and structure length L = 1 m. We see that for a = 0.7 mm, ∆E = −10 MeV.
We illustrate the strength of the transverse wakes in Figs. 3 and 4. In Fig. 3 we plot the relative project emittance increase ( / 0 )−1 for a bunch traversing the structure on axis vs. half-aperture a. The emittance growth is due to the quad wake. The parameters used are ones that could apply to the LCLS:
bunch charge Q = 250 pC, focusing function β y = 10 m, rms bunch length σ z = 10 µm, length of structure L = 1 m, and beam energy E = 6.6 GeV.
We see that for these parameters, the half aperture of the dechirper needs to be kept to a 0.6 mm. As a becomes smaller, the emittance grows steeply.
However, if one made a dechirping structure composed of two identical parts, with the second half rotated by 90 degrees with respect to the first half, and with equal beta functions (β x = β y ) then the quad wake effect will cancel (assuming the beta function is large compared to the structure length).
If the beam enters the structure vertically offset from the axis by y = y 0 , it will excite both dipole and quadrupole wakefields. Let us denote the jitter give two examples of possible uses of a dechirper in the LCLS. We consider a 250-pC beam that is accelerated to 6.6 GeV, in order to generate soft xrays at the 2 keV photon energy. In Fig.5 large degree, as shown in Fig. 5 (b) . The FEL bandwidth can be reduced to 0.1-0.2% level, set by the intrinsic SASE bandwidth. The spectral brightness will be increased by a factor of 2 accordingly.
As another example, we consider producing large bandwidth FEL radiation for femtosecond x-ray nanocrystallography [7] . In such experiments, Large bandwidth FEL has been generated by over-compressing electron bunches in BC2, and 1-2% bandwidth (FWHM) has been observed using soft x-ray spectrometers [8] . In Fig. 6 (a) , we show an example of an overcompressed 250-pC bunch at 6.6 GeV (L3 end), the FWHM electron energy spread is 1.55%. By closing the full gap of the dechirper to 1 mm, this energy spread can be increased to 2.33%, as shown in Fig. 6 (b) . There could be emittance growth associated with this extreme gap and further studies are required to quantify this effect.
Note BPMDL4 is adjacent to the proposed dechirper device and existing downstream BPMs can be used to detect the beam kick from the de-chirper.
Projected emittance, spectrum, XTCAV and FEL diagnostics are already in place in the LCLS. 
LCLS-II MOTIVATION
The LCLS-II accelerator also uses a series of magnetic bunch compressors to (FWHM), the final x-ray pulse length is estimated to be ∼ 10 fs, instead of the 60-fs level obtained when there is no energy chirp [as in Fig. 8 (a) ].
CONCLUSION
We have calculated the strength of the longitudinal and transverse wakefields in a flat dechirper as function of gap, and estimated the resulting induced chirp and effect on projected emittance in a short electron bunch. In addition, through LiTrack simulations, we have demonstrated some ways in which such dechirpers can be used in chirp control in the LCLS and in LCLS-II.
We should note, however, that the corrugation parameters given in Table I for the dechirpers are meant to be suggestive only. The strength of the wakes of the dechirper that are assumed here use analytical approximations. It is known 
